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® System for the assembly of a metal jolnfng-piece and a high-pressure composite material tube 
notably applications for equipment used in the oil industry. 



® Device to permanently link a metal joining-piece 
and a composite material tube, to a tube subjected 
to static pressure up to 150 MPa The assembly 
consists of a metal pat constituting a sealing (8) and 
joining (7) jDiece with a collar (2), onto which the 
composite material (1) js attached. A tubular anti- 
abraston and anti-corrosion (6) sleeve, flush-mounts 
in the metal joining ptece and protected by a ring 
C4(d) at its end ensures total isolation of the 
^composite/metai joint from corrosive fluids which 
i^may be flowing through the tijt>e. In particular, the 
^ application of the device to oil Industry sensors. 



CD 
CD 
CM 




fig-2 



Xerox Copy Centre 



1 



0 266 810 



2 



SYSTEM FOR THE ASSEMBLY OF A METAL JOINING-PIECE AND A HIGH-PRESSURE COMPOSITE 
MATERIAL TUBE -NOTABLY APPLICATIONS FOR EQUIPMENT USED IN THE OIL INDUSTRY 



This invention concerns an assennbly system 
for composite material and metal, making the use 
of composite materials for transportation of corro- 
sive and/or abrasive fluids possible at static pres- 
sures of up to 150 MPa. 

In particular, the invention facilitates insertion 
between metal tubes (through which a fluid under 
very high pressure is flowing) of a composite tube 
element which may be part of a sensor designed to 
measure various properties of the fluid (viscosity, 
flow-rate, density, etc.) 

One of the problems recognised in the pre- 
vious state of the art was the difficulty of realising 
composite material/metal joints able to withstand 
very high pressures for long periods of time. The 
invention solves this problem. 

One most Important application is to sensors 
used in oil and oil-related industry, used, as is well- 
known, to measure the properties (viscosity, den- 
sity, rheology, etc.) of fluids piped under very high 
pressure, which may be corrosive (acids) and/or 
highly abrasive (cement slunies). 

Using the invention, a metal joining-piece with 
a projecting collar at the end in contact with the 
composite material and a high pressure joining 
element at the other end Is placed between the 
composite material and the metal tube. 

Rgures t and 2 show a norv^imitative, pre- 
ferred method for realisation of the joint in k>ngitu- 
dinat section of depicting a plane parallel to the 
tube axis. 

One of the invention's essential characteristics 
is the projecting collar (2) around which the various 
layers of composite material are placed in the 
accustomed manner, by winding. 

The advantage of this structure is that normal 
winding of the composite material is made possible 
while, for the first time, resistance to tensile and 
torsional stresses occurring between the .metal tube 
(and the metal joining-piece) on the one hand, and 
the composite tube on the other, is ensured. 

Thus, risk of distortion, leaks and fractures, 
which are common in attempts made in the pre- 
vious state of the art. is eliminated. 

Considering the working pressures, it is evident 
that this advantage is quite decisive. 

Within oil and oil-related industry, the 
drawbacks of the previous state of the art have 
even more serious consequences (any interruption 
of work on a line involves serious risks : bad well 
treatment bad cement placement ; with sometimes 
unsalvagable consequences). 

References are as follows : 
1 . Wound composite material 



2 . Collar on metal joining-piece 

3 . Metal joining-piece 

4 . Circumferential fibres of the composite 
material 

5 - 5 . Longitudinal fibres of the composite ma- 

terial 

P . Pressure exerted by the pump fluid inside 
the tube 
S . Tube section 
10 F . Forces of longitudinal tension due to pressure 
R . Radius of collar 

AB . Angles of the oblique planes of the collar 

6 . Anti-abrasion/anti-corrosion sleeve 

7 . "Weco" type assembly system with a 
T5 high-pressure metal tube not shown 

8 . High-pressure seal 

9 . Protective ring 
10. O-rings 

Rgure 3 is a drawing of a sensor (11) mounted 
20 on the tube. The sensor measures the properties of 
the fluid travelling through the tube, taking mea- 
surements through the tube's (1) composite ma- 
terial walls. 

Rgure 4 shows the working principle of the 

25 invention in detail. 

When a very high pressure P is applied inside 
the tube, it creates a strong tensile force F ^ PxS 
within the material constituting the tube. 

The lortgitudinal fibres (5) of the composite 

so material partially absorb this force. In the joint zone 
of the composite tube and the metal joining-piece 
(3). shearing forces at the interface of the two 
materials reach values such that no adhesive suf- 
fices to keep the assembly together. 

as It is in this context that the assemblies of the 
previous state of the art are fragile. Using the 
invention discussed here, the composite material 
tube is wound around projecting collar (2) on the 
metal joining-piece. 

40 When a pulling force is exerted on the tube, 

any slippage should be absorbed by the increase 
in diameter of some of the turns in the layer of 
circumferential fibres (4) In the composite fhaterial. 
These fibres consist of a material with very 

45 high Young*s modulus, as is notably the case in 
glass, carbon or aramid fibres. It is therefore very 
difficult, if not impossible, to cause the assembly to 
slip, whether by pulling apart or by compressing. 
This is due to the shape of the collar (2) which has 

50 two oblique planes with angles A and B. 

To avoid breaking the longitudinal fibres by 
incipient fracture, care will be taken to select ap- 
propriate radii R for the collar. 



2 



3 



0 266 810 



4 



Collar profiie may be chosen in various ways, 
but it should preferably have a shape which causes 
diameter changes to be as "gentle" as possible. 

In another preferred method of winding, com* 
posite material fibres are wound in two symmetrical 
spirals (one left-handed, the other right-handed), 
with the fibre angle, measured in relation to the 
tube axis, being from 50 to 60. K is well-known that 
a tube consisting of spirally wound fibres wound at 
an angle of approximately Arc tan (2). 54.73 . is 
practically unexpandable through the effect of pres- 
sure forces. 

Finally, it is possible to envisage the configura- 
tion of the Invention as a combination of more than 
2 layers of fibres with winding angles selected from 
the examples given. 

Figure 2 is a drawing of the invention. A sleeve 
6. made of a material (notably polyurethane or 
polytetraf luorethylene) which ' is resistant to 
(corrosive or abrasive) fluids pumped, protects the 
composite material form chemical attack. In fact, it 
is known that resins linking the material's reinforc- 
ing fibres can be dissolved by certain fluids and 
that glass fibres are attacked by hydrofluoric acid.. 

The "Sleeve 6 can be used advantageously 
when manufacturing the tube. It can be used as a 
guide when winding the composite .material over 
the metal joining-piece 2. 

The metal part 9 attached to the seal 8 enables 
the end of the sleeve 6 to be protected against 
abrasion. The O-rings 10 provide a complete seal, 
so preventing penetration of aggressive fluids be- 
tween part 9 and the sleeve 6, through the effect of 
pressure. 

In this example, the end 7 of a "Weco" type 
female high-pressure joint has been depicted. The 
WECO assembly system is welHcnown, especially 
in oil and oil-related industry. It could, however, be 
replaced by any other system, known to those 
skilled in the art. which would be capable of resist- 
ing the very high pressures mentioned here. 

Rgure 3 shows the application of the invention 
to the implementation of Sensors which can be 
attached to higlvpressure lines. In this application 
mode, the sensor (11) measures one or more prop- 
erties of the fluid travelling through the composite 
tube 1. The Sensor may be a flow meter, den- 
sitometer or conductivity measuring sensor of 
known type not requiring detailed description here. 

Rnally, figure 4 shows a very high pressure 
pipe with a male and female (respectively) "Weco" 
type joint at each end. joined to the composite 
material tube using the invention. 



The interest of using polymer-based composite 
materials for high-pressure lines lies above all in 
the great weight-saving, which makes for easier 
handling and the possibility of carrying a larger 

5 number of pipes per lonry. For industry, notably oil 
and oil-related industry, this advantage is of utmost 
importance, especially in the oilfield and offshore. 

One particularly Interesting application is tine 
non-intiusive measurement of the density of a fluid 

70 ti'avelling through a tube. One frequently-used tech- 
nique consists of measuring the absorption, by the 
said fluid, of photon radiation emitted by a source 
placed diametrically opposite the detector. Radi- 
iation absorption is related to the fluid density by an 

75 exponential law. After the device has 'been cali- 
brated, the signal picked up the detector can be 
converted directly into density. 
' : Use of tills technique in the industrial and oil- 
industiry context, particularly when high pressures 

20 are being used. - requires that the device be in- 
stalled on relatively thick tubes, generally of metal, 
which results in much of the' radiation emitted form 
the source' being absorbed by the tube ; consider- 
ing this additional absorption, the radiation level 

25 imposed by detector sensitivity requires the use of 
highly active photon sources. This considerably 
complicates on' tiie one hand the legislation and 
administrative channels required when using radio- 
active sources and. on the other, makes use of 

30 heavy and bulky protective shielding necessary. 
The invention discussed here uses a tube of com- 
posite material as part of the standard density 
measurement device. This hnaterial has the prop- 
erty of absorbing considerably less of the radiation 

35 in question than steels and, more generally, metals, 
which makes it possible to considerably reduce the 
radiation source activity while retaining an identical 
detection. Consequentiy, protective shielding round 
the source and so the weight and size of the 

40 assembly are also reduced. Moreover, composite 
materials have mechanical and chemical properties 
which are comparable with or superior to those of 
metals, so making use of this technique possible in 
a large numfc>er of industrial applications and hostile 

45 environments. The above-mentioned properties of 
composite materials have t>een known for around 
ten years. However, it has not in that time, seemed 
possible to use them within the field of very high 
pressure devices using a permanent radiation 

50 source. Also, the industry did not have any reliable 
means of maldng metal/composite joints capable of 
resisting these very high pressures. This includes 
oil field applications. Experiment has shown that, in 
fact, use of these materials is compatible with the 

55 application envisaged, particulariy as a result of the 
assemblies descrit>ed above. 
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Rgure 5 shows a section, in a plane per- 
p)endicular to the tube, through an experimental 
gamma ray device. 

Rgure 6 shows the longitudinal section of the . 
same device. 

The same numerical references designate the 
same elements in both these figures. 

Element 1 is the composite material tube ; it is 
complete, i.e. must not be machined, in order to 
respect standards concerning the use of high pres* 
sures. Its diameter, length and wall thickness are 
defined depencfing on the circumstances in which 
the densimeter is used. The fluid 7 the density of 
which is to be measured, flows through the tube. 
Depending on the individual application, and espe* 
dally depending on the fluid pump, a protective 
covering 10 inside the tube may be required, par- 
ticDiarly if the fluid is an acid. The covering should 
be of a material of the polyurethane or poly- 
tetrafluorethylene type, or analogous, in order to 
conserve good anti-abrasion properties, particularly 
in applications using cement slurries. Element 8 is 
the photon source support the source in this case 
being of the chemical radioactive type. This ele- 
ment is made of lead contained in a support which 
mechanically solid and well attached to the shield- 
ing 2 which encircles the tube 1. The lead is 
present tx> absorb the radiation emitted by the 
source 3 \n directions other than those defined by 
the collimator window S, thus limiting doses of 
escaping radiation around the device to the values 
defined by radioprotection standards. In this case, 
the source 3 is a radioisotope the nature and 
activity of which are defined as a function of the 
densimeter operating conditions (tube dimensions, 
detector type, type of fluid flowing through the 
tube). Depending of requirements, a source ob- 
scuring system may be considered. Element 2 is 
the shielding encircling the composite tube. The 
shielding consists of a substance which greatly 
absorbs high energy photons (100 to 1000 KeV). 
such as steel, lead, tungsten, tantalum or a com- 
bination of these materials. It is designed to attenu- 
ate those photons which, after interacting with an 
atom in the fluid or tube, are diffused in directions 
other than their original direction. 

The thickness of the shielding depends on the 
material of which it consists, source activity and 
device dimensions, and should be defined taking 
the standards defined by radioprotection bodies 
into account A shieki, shown at number 9 and 
consisting of the same* materials or a combination 
of them, also surrounds the detector 4. The two 
elements 2 and 9 can be either ail in one part or 
two individual parts mechanically joined (e.g. by 
welding) to form one non-separable assembly. Ele- 
ment 9 is also a support for the detector 4. Ele- 
ment 4, which is not shown, is a standard radiation 



detector of the ionising (ionising chamber, propor- 
tional counter, Geiger-Mueller counter), scintillation 
or semiconductor type. Choice of detector depends 
on the circumstances in which the densimeter is 

5 used. The detector includes the electronic circuitry 
required for operation. Elements 6 and 5 are, re- 
spectively, the collimator windows for source an 
detector. Source colUmation 6 is defined by an 
aperture in the support 8 and the shield cylinder 2. 

10 Geometry is adapted to the various densimeter 
element dimensions and depends on the desired 
degree of collimation. On the detector side, the 
collimator window 5 also consists of a rectangular 
aperture in the shield cylinder 2 ; width, shown in 

15 figure 5 and length, shown in figure 6, of this 
window depend on the radiation beam angle de- 
fined by source collimation 6, detector size and 
tube dimensions. The angular limits of the 
"exploitable** photon beam emitted by the source 

20 are shown in figures 5 and 6, as is the possible 
course of some photons (symbolised by waved 
arrows) in the various cases envisaged. 

The principles of operation of this device are 
identical to those of existing radiation densimeter. 

25 The photons emitted by source 3 and collimated 
through window 6 firstly cross the first composite 
tube wall, then the fluid flowing through the tube 
and finally the second tube wall, before entering 
the detector assembly. 

90 During this course, each photon has a certain 

probability of undergoing one or more interactions 
with the atoms in the material it is passing through 
; this probability is all the higher, the greater the 
density of the material considered. The result of 

35 these interactions is either absorption of the photon 
by an atom in the material (i.e. its disappearance) 
[photoelectric effect], or re^misslon of the photon, 
which then has an energy value slightiy less than 
its initial one and travels in a different direction 

40 from the original one [C)ompton diffusion]. The prin- 
ciple of densimeter measurement relies on detec- 
tion of those photons which pass k^etween the 
source and the detector without interacting on the 
way. It Is obvious that the number of photons which 

45 do this varies in inverse proportion to the density of 
the materials crossed and also with the distance 
travelled through each material. The materials 
crossed in the case of a radiation-based densi- 
meter are the tube and the fluid the density mea- 

50 surement of which is required. It can therefore be 
understood why It is. essential to reduce tiie effect 
of tube wall photon absorption. This is the aspect 
which is the major advantage of the invention. As a 
result of this use of composite material for the 
55 tube, radiation densimeters with considerably re- 
duced source activity, which retain similar or supe- 
rior performance to standard densimeters, can be 
used. This is because composite material density 
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is 4 times less than the density of steel, while 
composite has mechanical properties comparable 
or superior to those of steel at wall thicknesses 
increased by a factor of Z compared with classical 
steel tubes. Amongst the advantages of the inven- 
tion compared with a classical system, over an 
above that of reducing source activity, the following 
points should be mentioned : 
-total device weight is reduced, 
•as composite is more abrasion-resistant than steel, 
it is perfectly suited to the use of fluids as abrasive 
as cement slurries or fluids carrying propping 
agents (sand, stone chips, etc.). 
-corrosion and rust problems encountered in steel 
tubes are eliminated, which, apart from better ser- 
vice life results, also yields the advantage of better ' 
quality control and better wall thickness invariabil- 
ity, thus a more stable geometry, which is an 
important point when seeking high precision of 
measurements. 

Of course, application of the invention is not 
limited to the oil industry, and covers other known 
fields in which radiation densimeters, as well as 
other sensors such as flow meters, etc., are used. 
The invention is sure to be of great usefulness in 
all fields in which a tubular element (sensor. etc>) is 
applied to a tubular metal line, and where the 
compoate material construction of the tubular ele- 
ment affords great advantage (the choice of com- 
posite material having previously t>een impossible 
due to the absence of suitable metal/composite 
joints, especially in high pressure applications). 

1 - System for the assembly of a composite 
materiaJ cylindrically symmetrical part and a metal 
part capable of resisting very high interna! pres- 
sures (150 MPa). characterised in that the end (1) 
of the composite material part at least partially 
encloses and covers a cylindrical-symmetrical met- 
al joining-piece (3) featuring a collar (2) of the 
same intemaJ diameter at one end, the section of 
which has a more or less trapezoidal shape (2) in 
the plane of the axis of symmetry, around which 
the reinforcing fibres of the composite material are 
"wound- ; It is also characterised in that the other 
end of the metal joining-piece (3) consists of a high 
pressure joint (7) to be attached to the part to be 
joined. 

2 - System in accordance with claim 1, charac- 
terised in that the comp>osite material part and the 
metal joining-piece are capable of resisting very 
high pressures, and in that the metal part to be 
attached is either a very high pressure tube or a 
very high pressure plug. 



3 - System in accordance with claim i or 2. 
characterised in that the composite material in the 
area of metal interface with the metal joining-piece 
(3) consists of at least one longitudinal layer (5) of 

5 reinforcing fibres, lying in a direction parallel to the 
axis and at least one ctrcumferentiai layer (4) of 
reinforcing fibres, wound in more or jess circular 
turns placed In directions more or less perpendicu- 
lar to the system's axis of symmetry. 

TO 4 - System in accordance with claims 1 to 3. 
characterised in that the in^de wall of the compos- 
ite material tut>e is fitted with a tube (6) which 
protects the composite material from any agressive 
fluids -which may be pumped through the tut>e, 

75 particularly acids and abrasive fluids. 

5 - System in accordance with claim 4. charac- 
terised in that the protective tube Is of a polyure* 
thane, polytetrafluorethylene or analogous material. 

6 * System in accordance with claims 1 to 5, 
20 characterised in that the composite .material con- 
sists of a fibre-linking resin and of reinforcing fibres 
which may be glass, cartx>n. aramid, or analogous 
fibres. .1 

7 - Sensors, notably for use in oil and oil- 
25 related industry, consisting of a very highly 

pressure-resistant composite material tube through 
which a fiiid travels, certain properties of which are 
measured by the sensor, characterised in that the 
composite tube has, at at least one and perferably 
30 at two ends, an assembly system in accordance 
with claims 1 to 3. 

8 • High pressure composite material tubes 
which can be joined together to form a variable 
length Gne. and which are compatible with very 

35 high internal static pressures (150 MPa), charac- 
terised in that each composite tube has. at both its 
ends, an assembly system in accordance with 
claims 1 to 3. male/male, female/female or. prefer- 
ably, male/female. 

40 9 - High pressure composite material tube, 
jointable in accordance with claim 8. characterised 
in that the inside of the composite tut>e has a 
protective tube in accordance with claim 4 or 5. 
10 - Densimeter comprising an energetic pho- 

45 ton source (3) [100-1000 KeV] and a detector (4) 
which measures photon absorption by the fluid 
fiowing tiirough a tube characterised in tiiat said 
tube consists of a material made of synthetic fibres 
linked together by a polymer resin [material said to 

50 be "composite"! (1), the fibres preferably being of 
one of the following types : glass, carton or ar- 
amid. the entirety being enclosed, in the area of 
photon diffusion, by a metal cylinder which greatiy 
absorbs the photons emitted by the source and has 

55 a window (6) for the source and a window (5) for 
the detector (4). 
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11 - Densimeter in accordance with claim 1, 
characterised in that the source (3) emits, by radio- 
activity, gamma photons, and preferably has an 
activity of less than or equal to 25 mCi, and in that 

the detector (4) is of one of the following types : 5 
ionisation. scintillation or semiconductor, or in that 
the source (3) emits X-ray photons by means of an 
artificial device of the X-ray tube or X-ray laser 
type and in that the detector (4) is of one of the 
following types : ionisation, scintillation or semlcon- w 
ductor. 

12 - Densimeter in accordance with any one of 
claims 1 to 5, characterised in that the internal wail 
of the composite tube is clad with a protective anti- 
acid material 10 of one of the following types : 75 
polyurethane, polytetrafluorethylene or an analo- 
gous product, and in that the material constituting 

the shield cylinder (2) is of one of the following 
types : 

steel, lead, tungsten, tantalum or a combination of 20 
these- materials. 

13.- Densimeter in accordance with any one of 
claims 10 to 12, characterised in that it has. at at 
least one of the tube ends, and preferably at both, 
an assembly in accordance with any one of claims 25 
TtoS. 
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